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The INOVE ANR 2010 Blan 0308 project: Integrated approach for
observation and control of vehicle dynamics
Olivier Sename1, Michel Basset 2, Benjamin Talon 3, Brigitte d’Andrea-Novel 4, Damien
Koenig1 and John Martinez1
Abstract— This paper presents the INOVE "Integrated ap-
proach for observation and control of vehicle dynamics"
project. The aim and organization of the project are described
and we present some recent results on the proposed integrated
approach to design new methodologies for the improvement of
the vehicle dynamical behaviour.
I. INTRODUCTION
The project is at the heart of the current politics and
society concerns in term of road safety. Indeed, even if
the number of death due to road accidents is currently
decreasing, it is to be noticed that, in Europe, more than
2 million people are injured (about 40% need a stay in
hospital), and almost 90000 people decease each year in
road accidents (1.24 Million over the world). From the report
of the World Health Organisation [34], together with the
improvement of road infrastructures and of transport policies
for pedestrians and cyclists, "Safer vehicles" is part of the 5
pillards towards road safety. In particular it is required that
Electronic Stability Control should be part of the minimum
standards for vehicle construction (ex European and Latin
New Car Assessment Programs - NCAP).
The project scientific breakthrough concerns the develop-
ment of an integrated approach to design new methodologies
for the improvement of the vehicle dynamical behaviour. The
long-term goal is to equip vehicles with automatic functions
for detection and correction of the vehicle dynamics in case
of critical situations, in order to improve road safety by
decreasing the number and the graveness of the accidents.
To achieve this objective, the challenge in vehicle control
design, is the collaboration of all the devices linked to the
chassis (such as brakes, suspensions, steering wheels, etc.)
in order to control the global behaviour of the vehicle.
This motivates many industrial and academic researches
in this field, which aims at improving safety and comfort
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on commercial cars through the development of integrated
control solutions that could handle different driving situations
using many different actuators, in a common objective and
ensure process reliability. However, in spite of an abundant
literature on vehicle dynamics, few studies propose a global
approach, taking into account simultaneously modelling,
estimation, observation and control aspects. Moreover, the
aspects concerning the bias and the uncertainties, that can
be linked to the lack of knowledge of some phenomena, to
the limit of validity of the models, or to measurement errors,
must be handled in a specific way, due to the increasing
complexity of the systems.
The core of the project is to elaborate new approaches
and innovative solutions, for the identification of the vehi-
cle behaviour, for the observation and detection of critical
situations, and for the robust and fault tolerant control of
the vehicle dynamics, in view of improving vehicle (and so
passengers) safety. The provided methodologies are based on
recent results in linear and non linear automatic control.
An unified framework is considered, where some of the
key issues to achieve the project objectives are described
below.
Modelling/Identification: a unified approach is developed
in order to provide, in a generic way, from a reference model
whose the structure and the nature have been defined, needed
models for observation/control synthesis. The context of
global chassis control via switched strategies for mentioned
critical driving situations with a serial car (meaning noise
on measurement, non linearities, unmodeled characteristics,
etc.), is taken into account in order to reach the reference
model. First, a new global sensitivity analysis method is
developed to focus on principal parameters involved in the
modelling. Then, novel model order reduction methodologies
are developed with the aim to generate needed models for
observers and controllers in a unified way and satisfying to
controllability, observability, stability and accuracy aspects
compared to existing approaches. The identification of the
models are treated with dedicated existing methods.
Observation: we are developing estimation strategies us-
ing the on-board sensors available on serial cars such as
accelerometers at the center of gravity, odometers for wheel
speed measurements, gyrometers for angular velocities as
well as radars for vehicle inter-distance. Of course the indus-
trial and real-time context imply that obtained measurements,
when available, are noisy. Here, the estimation and filtering
strategies rely on recent algebraic methods or parity space
approaches.
Control: new methods for global chassis control are
developed, integrating the necessary information given by the
observers. This needs advanced control methods for MIMO
systems, such as the H∞ approach. In order to account for the
actuator coordination and to react against critical situations,
some on-line adaptive strategies are proposed, using the
Linear Parameter Varying (LPV) framework. A hierarchical
control structure is proposed to cope with existing local
strategies (ABS), and integrating chassis and longitudinal
control. One of the considered key issues is the fault tol-
erance face to sensors and actuators failures.
For validation, we are interested in some specific critical
situations (representative enough to emphasize the project
interest) such as:
• Driving on uneven roads, with different road conditions
(dry, wet...), with/without braking. Extension in the case
of inter-distance control.
• Braking in a (banked or not) curve
• Obstacle avoidance manoeuver (or driving in a curve at
high-speed), close to roll-over
II. TASK 1: MODELLING AND IDENTIFICATION FOR
VEHICLE DYNAMICS
Physical systems are often characterized by reference
models of high order, including uncertainties, non linearities
or parameter variation. However, for embedded systems
(such as integrated driver aid solutions), these models are too
complex to be used for observation and control synthesis.
Up to now, no direct links exist between the reference
models issued of system specifications (e.g. for simulation
purpose) and those used for the development of embedded
applications. Facing this complexity, engineers involved in
the necessary different technical fields, usually develop their
own models for each type of application. In the context of
futur automatic vehicles integrating unified global chassis
control objectives, this usual approach appears too limited,
also due to economical constraints (time consuming.
Then, to cope with observation and control requirements,
the modeling objectives focus on the identification of a
generic reference model, based on a parameters global sensi-
tivity approach, and on the development of novel approaches
for model order reduction from linearized ones.
A. Identified Models Base
Considering previous research works, the MIPS laboratory
has developed and identified a non linear reference model
including tyres and suspensions non linearities [13]. In order
to justify the complexity chosen for the sub-system models
(representativness, identifiability), and then, to contribute to
the automatic generation of fixed order linearized models,
a new method has been developed for parameter sensitivity
analysis. Indeed, local and global sensitivity methods, are
too restrictive for such a field of applications, considering
for example strong constraints on tests trials (constrained
excitation), correlated parameters and dynamical aspects.
The method, based on chaos polynomials, and has been
developed for static models involving correlated parameters
Fig. 1. MIPS test car (left) and INOVE scaled vehicle (right)
and arbitrary probability distribution for input variables.
It has been first applied to tyre parameters analysis [15],
[13] and is currently applied to damper model analysis in
collaboration with GIPSA-Lab. The extension to dynamical
models is presented in [14].
On the other hand, a toolbox "Automotive control" has
been developed in the project and is maintained in GIPSA-
lab, which includes different models and control strategies.
The vehicle models have been developed and validated in
collaboration with the MIPS laboratory (Mulhouse) from
experimental data obtained the Renault Mégane Coupé (see
figure 1.). Hence, the following models are available in the
toolbox, as detailed in [23]:
• Full vehicle non linear model that includes tire models
and non linear characteristics of the suspension, in
particular a non linear model of a semi-active Magneto-
Rheological damper.
• Control-oriented models: Vertical 7 DOF model, bicycle
model, half front axle model, quarter car
More recently a multi-body model has been developed using
the SimMechanics toolbox of Matlab, as illustrated in
figure 1.
B. Model order reduction
The interest of model order-reduction, treated here in
a unified way with sensitivity analysis, observation and
control developments, is motivated by the fact that high or-
der models generate high order controllers/observers whose
synthesis, simulation and implementation is too complex
and not reliable.. Both approaches, considering model order
reduction (simulation aspect) and robust controller order
reduction (implementation of the robust controller) have been
investigated, for LTI systems first. It is worth noting that the
developed algorithms have to guarantee some specifications
such as controllability, observability and stability. Different
approaches introducing reachability and observability Gram-
mians of the considered systems, have been developed lead-
ing to a balanced truncation model reduction procedure. Such
approaches have been tested on different systems as switched
systems (considering switched models for observation and
control in critical driving situations) [1], [12] and robust
controllers to keep performance and regulation considering
uncertainties [35].
III. TASK 2: OBSERVATION AND DATA FUSION FOR
DETECTION OF CRITICAL SITUATIONS
Fault Detection, and on-board diagnosis, is of crucial
important in dynamical systems, particularly in automotive
applications, due to the emergence of new safety systems for
vehicles such as anti-lock braking (ABS), adaptive cruise
control (ACC), electronic stability control (ESC). Indeed
actuator and sensors failures might lead to extremely danger-
ous situations, that Fault Detection and Diagnosis methods
should overcome.
Many model-based fault detection and isolation (FDI)
procedures have been developed in the past, as for instance,
analytical redundancy-based methods, statistical and geomet-
rical methods or observer-based approaches. More recently,
researchers focused on optimization-based techniques for
fault detection (H∞ and H− based approaches).
Since the vehicle systems are strongly nonlinear, conve-
nient models are Linear Parameter Varying (LPV) ones. This
has recently motivated researches on model-based methods
for LPV systems.
A. Contribution Fault detection for LPV systems
Two main contributions have been developed. First, an
H∞ fault estimation method has been developed for LPV
systems [29]. Then, parity based residual generation methods
for different classes of LPV systems have been studied. The
main objective of the parity approach is to design a scheduled
parity matrix according to the scheduling parameters and
with a robustness face to the uncertainties and unknown
inputs. The objective is to minimize the residual sensitivity
with respect to uncertainties and disturbances, and maximize
its sensitivity face to faults. The approach of the generalized
eigenvalues/eigenvectors is used. It results an optimal decou-
pled parity matrix where the residual synthesis is rewritten
in terms of a new optimization problem and solved using
Linear Matrix Inequalities (LMIs) techniques. Some of the
results, including robustness analysis and implementation
are presented in [30]. In the field of fault detection for
LPV systems, the major contributions rely in the design of
fault indicators for a class of non-linear systems which can
be written as LPV Uncertain systems subject to Unknown
Inputs, as presented in [28].
B. Detection of critical situations
Concerning the detection of critical situations, the prelim-
inary work in [32] allows to use the fault detection method-
ologies in order to detect a critical situations for vehicle
lateral dynamics. Indeed the tire model is decomposed in
different zones : normal (linear behavior), and critical thus
skidding zones (highly non linear). The vehicle model has
been rewritten as an LPV one plus a non linear component
that accounts for the skidding zone. The fault detection
approach consists in detecting this non linear component
which is linked to the dangerousness of the situation.
C. Driving Risk Assessment
In order to better assess and, then, anticipate potential
dangerous driving situations, driving risk assessment based
on data fusion, represents an interesting and cost-free way
to equip vehicles. But defining driving risk still remains a
challenge since the driving task is complex and involves
numerous factors of different nature which are not easy to
consider for control oriented systems as, for example, socio-
logical factors. In current Intelligent Transportation Systems
(ITS), risk estimation is classically performed for a particular
situation and with simple arithmetic criteria. The estimated
risk (considered as a threshold to define the importance of
an action) is generally related to information from either
the Vehicle, the Driver or the Environment. To cope with
that framework, the developed strategy, based on belief
functions which are able to model data imperfections, shows
a two-level architecture for relative driving risk assessment
considering, simultaneously, several heterogeneous factors
linked to the Vehicle-Driver-Environment system. A first
level is focused on the determination of a local risk for each
entity of the VDE independently from the others. The second
fusion level combines the local risks to define the relative risk
level (Low, Medium, High) of the driving task. This final risk
is determined for driver warning and control anticipation if
needed [3], [4].
IV. TASK 3: ROBUST, ADAPTIVE AND FAULT-TOLERANT
CONTROL FOR VEHICLE DYNAMIC
The main objective is here to improve the dynamical
behavior of the vehicle during dangerous driving situations.
One of the main challenges concerns the coordination be-
tween different car subsystems and the available actuators
in the today commercial vehicles to keep the desired perfor-
mance. Here, the performances are achieved if the system
guarantees both the car safety (road holding, for instance)
and the comfort of passengers. First, some results have been
obtained on semi-active suspension control as in [24], [7],
[5], [17].
A. Vehicle Dynamics Control
On the other hand, a global architecture for vehicle dy-
namics control is proposed considering a full car model
(longitudinal, lateral, vertical, roll, pitch, yaw). In terms of
control design, we perform an H-inf Multi-Input Multi-Ouput
(MIMO) synthesis for gain-scheduled Vehicle Dynamic Con-
trol (VDSC) that involves the steering actuators, rear brakes
and four active (or semi-active) suspension (see Figure 2),
and aims at enhancing the yaw stability and lateral car
performances [22], [6].
The aim of this work is to provide an LPV way towards
a smart coordination of the three types of actuators, taking
into account the physical limitations and some possible loss
of effectiveness of braking and suspension actuators [8], [10],
[9]. In addition, the proposed technique consider the Actu-
ators structural limitations (like semi-active and saturation
limits) in a more explicit way during the control design.
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Fig. 2. Global chassis control implementation scheme
defined to evaluate how a driving situation is dangerous and
to account for braking/suspension actuator failures. This fault
tolerant control structure can handle one actuator failure by
changing the configuration of control on line. The whole
strategy provides a maximum help to the driver by avoiding
accidents during emergency situations. The smart progressive
activation of the actuators is the key of performance and
safety improvement.
As illustration some simulation results (obtained using our
"Automotive toolbox") are shown for a double lane-change
maneuver at 100 km/h on a wet road (from t = 2s to t = 6s).
The scenario is as follows:
• Faulty left rear braking actuator: saturation = 75N
• 5cm Road bump from t = 0.5s to t = 1.5s and from
t = 4s to t = 5s)
• Faulty front left damper: force limitation of 70%
• Lateral wind occurs at vehicle’s front generating an
undesirable yaw moment (from t = 2.5s to t = 3s).
In figure 3 are shown the 3 parameters to activate the brak-
ing/steering actuators and coordinate the suspension ones.
Fig. 3. Parameter variations for monitoring
The efficient coordination of braking/steering actuators
is illustrated in Fig 4, showing that the steering actuator
compensate for the faulty braking one.
Finally, as seen in Fig 5, the loss of one damper efficiency
is compensated for by the other dampers.
More recent results have been proposed combining non
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Fig. 5. Suspension control distribution
linear algebraic estimation techniques (for instance to esti-
mate the road profile), together with an LPV suspension con-
trol strategy to adapt the performances to the road roughness,
as illustrated in Fig 6.
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Fig. 6. LPV/Hinf semi-active suspension control strategy with performance
adaptation to roll behavior based on non linear algebraic road profile
estimation [11]
B. Fault Tolerant Control
Due to the number and nature of the available sensors
in a car, a multi-sensor fault-tolerant mechanism for LPV
systems has been proposed in [18]. The control laws will
select at every time-instance, the sensor or a family of sensors
that provide the best performance in terms of the control
objectives. The latter point allows the control system to avoid
faulty sensors in an implicit way. The stability conditions and
the sensor switching mechanism is based on the computation
of minimal positively invariant sets for linear and polytopic
LPV systems.
On the other hand, some methods have been developed
in particular when some loss of damper efficiency appears
due to oil leakage [26], [27], incorporating, in an LPV
framework, a specific parameter for the loss of damping
efficiency.
V. TASK 4: INTEGRATION, VALIDATION AND TESTS.
A. INOVE Test-bed
The vehicle dynamics control systems can be evaluated
in the 6 degrees-of-freedom: translations in the longitudinal,
lateral and vertical axis, as well as the rotation around
the roll, pitch and yaw axis. These movements can be
controlled using several types of actuators, as : active or
semi-active dampers, steering actuators, braking actuators,
active differential, .... Among them, the suspension system
is the only one that can influence the passenger comfort as
well as the car road handling. It is then of huge interest in
global chassis control technology. The test rig INOVE, built
by SOBEN, aims at studying the effect of the suspension
system on the vertical dynamics.
Fig. 7. Test rig
It consists of a 4-poster bench, and a small 1/5 car
equipped with 4 semi-active Electro-Rheological dampers
(from Fludicon). The road sollicitation are emulated through
4 independent electrical motors, allowing to provide different
road profiles under each wheel. Many sensors are used to
give informations on the car behavior: an inertial measure-
ment unit, 4 accelerometers for the wheel vertical behaviors,
4 suspension deflection sensors, pitch and yaw angle sensors,
4 force sensors at the tyre/road contact; 4 ER damper force
sensors.
The test bench allows to test various strategy on estimation
and control for the vertical dynamics, as :
• Modelling : semi-active dampers [17]; 7 DOF vertical
dynamics [7]
• Estimation of the road impact and observation of the
vertical dynamics state variables [19], [7]
• Detection of sensors and actuators faults using observers
and parity equations methods [32]
• Control of semi-active dampers [21], [24]
• Control of the vertical dynamics using Linear Parameter
Varying approaches [25]
B. 1/5th scale vehicle
A new prototype has been developed in the framework of
INOVE in order to test some Fault Detection approaches. It
consists in a 1/5th scale vehicle as seen in figure V-B.
Fig. 8. Prototype with view of the components
This vehicle has 2 actuators: a brushless-motor providing
the power to each wheels throw 3 differentials, and a servo-
motor controlling the steering wheel. It has been equipped
with many sensors: deflection sensors in each suspension, 3
axis accelerometers inside each wheel, 3 axis accelerometers
in each corner of the chassis (head of the suspension), a 3
axis accelerometer in the center of gravity of the vehicle, a 3
axis gyrometer in the center of gravity of the vehicle, a GPS
sensors, a Steering wheel angle sensors, 2 ultrasonic sensors
at the front and the rear of the vehicle, a tachometer in the
brushless-motor, tachometers inside each wheels.
C. MIPS test car
In order to validate the different developments performed
in the tasks 1, 2 and 3, the MIPS’s Renault Mégane Coupé
and Renault Scénic test cars are equiped with differents
sensors and actuators (see for example Fig. 1). This phase
is the last step in the V cycle to verify performance and
robustness of developments realised. Then, these test cars
are complementary of GIPSA-Labs’ presented test benches
dedicated to HIL tests. These test cars are equiped with
sensors to measure in real time vehicle dynamics, driver’s
activity and road profile. Most of sensors are those ones
from commercialised car. Added sensors like precise DGPS
matched inertial sensor giving accelerations, speeds and
trajectory, are used for reference. Moreover, with the Renault
Scénic test car, two actuators are mounted on the vehicle
to control the longitudinal speed and the steering angle.
Considering these equipments, the following developments
have been validated or are currently under tests for valida-
tion : models, sensitivity analysis, model order reduction,
controller order reduction, fault detection, risk assessment,
obstacle avoidance, high level control strategy.
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